Background: The third British National Survey of Sexual Attitudes and Lifestyles (Natsal-3) provides an opportunity to explore high-risk human papillomavirus (HR-HPV) and uptake of cervical screening and HPV vaccination in the general population.
Introduction
In over 99% of cases, cervical cancer is associated with persistent infection with one or more high-risk human papilloma virus (HR-HPV) genotypes (1). Every year in Britain approximately 2,900 women are diagnosed with cervical cancer (2) , and it is the most common cancer in women under 35 years (3). Worldwide, the burden of cervical cancer varies substantially, and 85% of cases occur in low-to-middle income countries (4). In many highincome countries, including Britain, incidence and mortality have decreased over the past few decades, since the introduction of cervical cancer screening programs (5) . In Britain, cervical screening uptake is high (around 80%; ref. 6 ), but cervical cancer incidence and mortality are higher in more deprived areas (7, 8) . The two recent Cancer Reform Strategies (2011 and 2007; refs. 9, 10) have highlighted the need to reduce these inequalities. Understanding the burden of HR-HPV prevalence and uptake of cervical cancer prevention programs (HPV immunization and cervical screening) will help address this aim.
In Britain, there have been two recent notable changes in cervical cancer control. First, since 1996, increases in cervical cancer incidence have been seen in women ages 20 to 29 years (11), among whom screening uptake is lower and declining (12) . Changes in both smoking and sexual behavior may be contributing to the upward trend (11) . Second, in September 2008, the UK introduced a school-based HPV immunization program against HPV-16/18 (the types associated with over 70% of cervical cancers) for girls aged 12 years, which has achieved a fairly uniformly high uptake (>80% from 2008-2012; ref. 13) . A catch-up program was implemented in schools and general practice over the first few years for girls aged up to 18 years. Coverage in these catch-up cohorts was lower and more variable (13) and showed some tendency to be lower in more deprived areas (14, 15, 16) . We have already reported that Britain's third National Survey of Sexual Attitudes and Lifestyles (Natsal-3) found that women with more partners and those living in more deprived areas were less likely to complete the catchup immunization schedule (17) .
If nonparticipation in cervical screening and HPV immunization is not independent or participation is lower amongst individuals at risk of HR-HPV infection, their effectiveness may be limited. Natsal-3 provides an opportunity, unique in Britain, to explore individual-level data on participation in cervical screening and HPV immunization in relation to detailed demographic characteristics, sexual behaviors, and the presence of HR-HPV and to explore overlap between risk factors for HR-HPV infection and participation in prevention programs and thus to inform the provision of future services.
Materials and Methods

Participants and procedure
Natsal-3 is a stratified probability sample survey of 8,869 women and 6,293 men ages 16 to 74 years, resident in Britain. The overall response rate was 57.7%. Interviews were carried out between September 2010 and August 2012. Participants were interviewed using computer-assisted personal interviewing with computer-assisted self-interview (CASI) for the more sensitive questions. Details of the methods have been published previously (18, 19) .
Natsal-3 included questions on sociodemographic characteristics, including educational level and occupation, allowing derivation of the National Statistics Socio-economic Classification (NS-SEC). Area-level deprivation was determined from postcodes using the Index of Multiple Deprivation (IMD; ref. 20) , a multidimensional measure of deprivation.
Women who reported some sexual experience (although not necessarily a sexual partner) were routed into the CASI section of the questionnaire (N ¼ 8,538) where cervical screening and HPV immunization questions were asked. Women aged 26 years and over at interview (N ¼ 5,614) were asked "When did you last have a cervical smear test?" with the following five answer options: (i) I have never had one, (ii) less than 3 years ago, (iii) between 3 and 5 years ago, (iv) between 5 and 10 years ago, and (v) more than 10 years ago (adapted from ref. 21) .
Women eligible for the HPV immunization program (those born on or after September 01, 1990, up to 21 years by the end of the interview period, N ¼ 1,094) were asked "Have you ever been vaccinated against cervical cancer (received HPV vaccination)?" with the following three answer options: (i) Yes-I have completed three doses of the vaccine, (ii) Yes-I have had one or two doses of the vaccine, but not all three doses, and (iii) No. Women who had not been vaccinated and those who had only received one or two doses were defined as not having completed the recommended 3-dose vaccination course. Women who reported not having been vaccinated were asked whether they had been offered the vaccination.
Urine collection and testing
Briefly, at the end of the interview, a subsample of 16 to 44 year olds who reported at least one lifetime sexual partner was invited to provide a urine sample to be tested for STIs and 60% agreed (17) . Written consent was provided for testing without return of results (22) . Full details of the urine collection methods have been described previously (17, 18) .
Urine samples from 2,569 women were tested for HPV (17) . An in-house Luminex-based genotyping assay was used for the detection of HPV types (23) . HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 , and 68 were defined as HR-HPV according to the WHO International Agency for Research on Cancer definition (24) .
Ethics
The Natsal-3 study was approved by the Oxfordshire Research Ethics Committee A (Ref: 10/H0604/27; ref. 22 ).
Statistical analysis
Analyses were carried out using Stata (version 13) accounting for the stratification, clustering, and weighting of the sample. To account for differences in the probability of selection for and response to providing a urine sample, an additional weight was applied to the urine data (17, 18) .
Logistic regression models were used to explore the factors associated with HR-HPV detection (N ¼ 2,569), nonattendance for cervical screening in the past 5 years (N ¼ 5,012), and noncompletion of HPV catch-up vaccination (N ¼ 1,050). Limited results have been presented previously (17) but are expanded here to present a more comprehensive picture of factors associated with HR-HPV and HPV catch-up vaccination in the general British female population.
Women under 26 or over 64 (60 in Scotland), women reporting having had a hysterectomy (N ¼ 365; who would not be invited for screening), and women reporting no lifetime sexual partners (N ¼ 39; who are advised that they might decline their screening invitation) were excluded from analyses of cervical screening. Factors associated with noncompletion of HPV catch-up vaccination are presented for eligible women [born before September 01, 1995 (England and Wales), or March 01, 1995 (Scotland)].
We hypothesized that cervical screening nonattenders may have differing risk of HR-HPV and cervical cancer based on sociodemographics (e.g., ethnicity) and sexual behavior (e.g., partner numbers). We explored the characteristics of women not attending for cervical screening, to examine how the prevalence of other cofactors for cervical cancer (25) differed by HR-HPV risk.
We explore the overlap between factors associated with HR-HPV and participation in cervical screening and HPV catch-up vaccination.
Results
HR-HPV prevalence
HR-HPV was detected in urine from 15.9% [95% confidence interval (CI), 14.4-17.5] of women ages 16 to 44 years reporting at least one lifetime partner. HR-HPV prevalence declined above age 24 and was associated with a number of sociodemographic characteristics (Table 1) . Prevalence was higher in women not living with a partner, in women of lower socioeconomic status, as measured by markers including area-level deprivation [ageadjusted OR (AOR) 1.37; 1.05-1.80 for those living in the most deprived vs. least deprived two quintiles] and NS-SEC, and in those of mixed versus white ethnicity (AOR, 2.00; 1.09-3.67). Prevalence was lower in women of Asian/Asian-British ethnicity (AOR 0.40; 0.17-0.97). Prevalence did not vary significantly by HR-HPV was strongly associated with markers of more risky sexual behavior including a younger age ( 16 years) at first heterosexual intercourse, increasing numbers of partners over the lifetime and in the past 5 years, as well as reporting two or more partners without a condom in the past year (AOR 4.31; 2.83-6.55). Prevalence was also higher in women who reported attending a sexual health (GUM) clinic (AOR 2.54; 2.00-3.23) or sexually transmitted infection (STI) diagnosis/es (AOR 2.36; 1.76-3.16) in the past 5 years.
Cervical screening uptake Figure 1A shows the time since last cervical screen in women ages 26 to 74 years. Overall, 96.8% of women ages 26 to 74 years reported ever having had a cervical screen. Over 70% of women ages 26 to 49 reported having attended screening within the last 3 years. Around 90% of women ages 50 to 64 years reported having attended for screening within the last 5 years. A notable proportion of 26 to 29 and 30 to 34 year olds reported never having had a cervical screen (12.1% and 5.9%, respectively). Table 2 shows factors associated with nonattendance for cervical screening in the past 5 years in women ages 26 to 64 (those eligible for screening), of which 8.9% (8.0-9.8) were nonattenders. Nonattendance was associated with a number of sociodemographic characteristics including younger (<30 years) or older (60þ years) age (OR 2.28, 1.72-3.00 and 2.01, 1.32-3.05, respectively, compared with those ages 30 to 39), lower socioeconomic status, including area-level deprivation (AOR 1.91; 1.48-2.47 for most vs. least deprived two quintiles) and having no educational qualifications (AOR 1.95; 1.43-2.66), and being of Asian/Asian British ethnicity (AOR 1.96; 1.32-2.90). Women self-identifying as lesbian were more likely to be nonattenders (AOR 2.94; 1.36-6.38). Nonattendance was also strongly associated with being a current smoker (AOR 1.97; 1.57-2.47). The relationship with markers of risky sexual behavior was not consistent. Overall, there was no association with age at first heterosexual intercourse or number of lifetime partners, although nonattendance was highest in those with one lifetime partner (11.4%). Women reporting no partners in the past 5 years (AOR 2.45; 1.67-3.61 vs. 1 partner), or no partners without a condom in the past year were more likely to be nonattenders. Nonattendance was lower in women who reported using hormonal contraceptives in the past year (AOR 0.53; 0.41-0.69) and in those who had ever attended a sexual health (GUM) clinic (AOR 0.53; 0.40-0.69) or had an STI diagnosis (AOR 0.49; 0.33-0.71). There was no difference in attendance by HR-HPV status overall (AOR 1.35; 0.79-2.31). Stratification of these analyses by age (<50 and 50þ years) and lifetime partners (1 and 2þ) returned similar associations (data not shown).
There were two distinct groups of nonattending women (Table  3) . Overall, a quarter of nonattenders reported only 1 lifetime partner. A high proportion of these women were of Asian/Asian British ethnicity (25.5%, 17.2%-36.1%), few smoked (20.3%, 12.6%-31.1%), less than 1% reported first heterosexual intercourse before 16 years, and 20.3% (12.6%-31.1%) reported no We looked at the reported recent use of healthcare services among nonattenders. Overall, 6.1% (4.3%-8.5%) of nonattenders had been to a sexual health (GUM) clinic in the past 5 years, 14.3% (11.2%-18.0%) had attended an ante-natal clinic in the past 5 years, and 19.2% (15.8%-23.1%) had obtained family planning from a clinical source in the past year. In total, 31.7% (27.1%-36.7%) of nonattending women had used one or more of these services. Use of healthcare services did not vary by lifetime partners.
HPV vaccine uptake
HPV catch-up vaccine uptake varied substantially by school year at eligibility (Fig. 1B) with 72.9% of women eligible at 14 years reporting having received all 3 doses, compared with only 50.6% of women eligible at 17 years. In contrast, 89.0% of women in the routine program reported having received all 3 doses (but denominators are small). Few women had received only one or two doses. The proportion of women who reported not having been offered the vaccine was higher in the older catch-up cohorts.
Of women eligible for the HPV catch-up immunization program, 38.5% reported not having completed the vaccination course. This was strongly associated with markers of lower socioeconomic status (Table 4) , non-white ethnicity (AOR 2.01; 1.29-3.13), and smoking (AOR 2.61; 1.93-3.55). Noncompletion was also associated with reporting larger numbers of lifetime partners (AOR 1.70; 1.09-2.63 for 5þ vs. 1 lifetime partner). Among those with at least one lifetime partner, noncompletion was higher in women reporting first heterosexual intercourse before 16 (AOR 1.68; 1.22-2.30) and unprotected sex with two or more partners in the past year (AOR 1.81; 1.15-2.84). Those using hormonal contraception were less likely to be noncompleters (AOR 0.47; 0.34-0.67), whereas those attending sexual health (GUM) clinics (AOR 1.49; 1.10-2.02) and ever having been pregnant (AOR 2.94; 2.04-4.23) were more likely to report noncompletion. Noncompletion was higher in women who were HR-HPV positive (AOR 2.33; 1. 45-3.74 ).
Associations with having had no doses of the vaccine were similar (data not shown), although a stronger association was seen with area-level deprivation and slightly weaker associations with sexual behaviors, GUM clinic attendance, and ever having been pregnant.
Overlap between factors associated with HR-HPV infection and uptake of cervical screening and HPV vaccination Figure 2 shows factors associated with HR-HPV infection (vertical axes) plotted against factors associated with nonattendance for cervical screening ( Fig. 2A) and noncompletion of HPV vaccination (Fig. 2B) . The top right hand quadrant for each figure indicates increased risk of HR-HPV infection and lower uptake of the cervical cancer prevention program. The area of the bubble represents the size of the group as a proportion of those eligible for screening. There was evidence of overlap of HR-HPV infection risk and cervical screening uptake for some factors (Fig. 2A) . Living in more deprived areas and smoking were associated with both HR-HPV infection and nonattendance for cervical screening. These factors were also associated with noncompletion of HPV vaccination (Fig. 2B) . Associations between smoking and HR-HPV infection, and uptake of cervical screening and HPV vaccination persisted after adjustment for area-level deprivation (data not shown). In contrast, HR-HPV prevalence was lower in women of Asian/Asian British ethnicity, another group less likely to attend for screening ( Fig. 2A) . Women with 5 or more lifetime partners and those who reported attending a sexual health (GUM) clinic had a higher prevalence of HR-HPV infection, and were more likely to have attended for cervical screening but less likely to have completed HPV vaccination.
Discussion
In this cross-sectional probability sample survey of the British general population, we found markers of lower socioeconomic status and smoking to be common risk factors for HR-HPV infection and nonuptake of both cervical screening and HPV catch-up vaccination. Overall, cervical screening attendance was not lower in women reporting more risky sexual behaviors, and there was no difference in attendance by HR-HPV status. However, our analysis suggests that there are two distinct groups of nonattenders, one of which would be considered at higher risk of developing cervical cancer due to high prevalence of other lifestyle risk factors such as smoking and early age at first sex, whose nonattendance might augment their overall risk of cervical cancer, and one of which would be considered lower risk, whose nonattendance might negate their lower lifestyle risk.
The major strength of this study is that it is a population-based survey with individual-level data from a nationally representative sample. We were able to link behavioral and biologic data and look at risk factors for different outcomes in the same survey. One limitation is the accuracy of self-reporting, especially of cervical screening (26, 27) . Our estimates of cervical screening uptake are higher than official figures, which estimate 5-year coverage in 2011-2012 as 78.6% (6), and one other study (28) , which asked for year and month of last cervical screen. We believe that social desirability bias is unlikely to have had a substantial effect since this question was asked in the self-completion part of the questionnaire. However, "telescoping," where an event is remembered as occurring more recently than it did, is a strong possibility both for us and other studies (27, 29) . Any variation in such a bias by the sociodemographic or behavioral variables that we report could mean that we have over-or underestimated associations, for example, if telescoping errors were greater among more educated women, the association between attendance and education would be overestimated. Women may also not be able to accurately report their vaccination status (30) , and accurate reporting may vary by other variables. Uptake estimates may be affected by biases in the women who agreed to participate in Natsal-3. The Natsal-3 response rate was 57.7%, which is comparable with other population-based surveys completed around the same time (31, 32) . After weighting our data to match the British population for age, gender, and geographic region, the sample was comparable with the 2011 census data on other key demographic characteristics (18) . However, women who do not attend for screening may be less likely to participate in research studies or engage more generally (33) .
Another limitation is that urine is a suboptimum specimen for HPV detection (34) with recent estimates of 77% sensitivity of cervical HR-HPV (35) and therefore a likely underestimate of HR-HPV prevalence, although this would weaken, not bias, our identification of risk factors. Finally, due to the years the Natsal-3 fieldwork was carried out, our study could only focus on the catch-up program, and the factors we describe as associated with vaccination uptake in the catch-up cohorts may not be generalizable to routine vaccination at 12 years of age.
To our knowledge, no population-based studies have examined the associations between cervical screening and sexual behavior or HR-HPV infection. We found lower screening uptake among women with lower levels of education and of non-White ethnicity as in other British population studies (21, 28) . Other studies have shown lower uptake of HPV catch-up vaccination in women of Black/Black British and Asian/Asian British ethnicity (36, 37) . Our sample of women of these ethnic minorities was too small to examine associations between vaccination and each ethnic group, but completion of catch-up vaccination was lower in women of non-White ethnicity.
It is a reasonable expectation that herd immunity should lead to a reduction in cervical cancer incidence among unvaccinated women in the catch-up vaccination cohorts (38) . However, the Tanton et al.
effect of multiple risks in some groups of women has the potential to widen inequalities in cervical cancer incidence. Women who live in more deprived areas and who smoke were less likely to complete catch-up vaccination. These women were also at higher risk of HR-HPV, and their cervical cancer risk is compounded by smoking, which is itself a cofactor in cervical cancer development (39) . In addition, these women were less likely to attend for cervical screening, thereby losing the opportunity for early detection and treatment of cancer abnormalities. Special efforts may be warranted to ensure women who missed vaccination are engaged by the cervical screening program, especially since girls with low intentions to attend for cervical screening may be less likely to be fully vaccinated (40) . Good linkage between vaccination and screening records will be important to target those not vaccinated. As some nonattenders for cervical screening seem to be at low risk for HR-HPV, tailored approaches may be appropriate to increase screening among higher risk women. On the other hand, there is evidence of lower uptake of cervical screening among women who may be considered at lower risk for cervical cancer or may perceive themselves to be. For example, as in other studies, we found lower uptake in women self-identifying as lesbian (41, 42) . Previous studies have also found that women who are not sexually active are less likely to attend for screening (33) . Cervical screening prevents approximately 75% of cervical cancers by detecting and treating cervical abnormalities in women who attend regularly (5, 43) . The odds of cervical cancer are approximately six times higher in women with no adequate screens at age 50 to 64 compared with those with adequate negative screening (44) so despite being at lower relative risk for cervical cancer, by missing the prevention opportunity offered by cervical screening these women may end up at increased risk. Although they have a lower incidence of cervical cancer overall, Asian/Asian British women aged 65 and over have a higher incidence than do women of White ethnicity (45) . Because these women are unlikely to access sexual health services, engaging them in screening through general practice (family doctor) is important. The cervical screening program also needs to counter this risk-based tendency for nonparticipation. This will be particularly important in the era of vaccination, where careful messaging will be needed to promote uptake of screening among those who may perceive themselves at less risk.
Overall, those at increased risk of HR-HPV were no more or less likely to attend for screening. We found markers of engagement with healthcare, such as sexual health (GUM) clinic attendance and using hormonal contraception, were associated with higher cervical screening attendance. In 2011-2012, 17% of women having a cervical screen in England had a test that was outside the invitation system of the cervical screening program, i.e., opportunistic tests which were initiated by the person taking the sample or by the woman (46) . This underlines the importance of maintaining integrated sexual health services to ensure that screening levels remain high in those at highest risk. However, around 30% of women who had not attended cervical screening in the past 5 years reported attending ante-natal or sexual health (GUM) clinics in the past 5 years or obtaining contraceptives from clinical sources in the past year, suggesting missed opportunities to engage these women with cervical screening.
Changes to the cervical screening program are likely in coming years, due both to HPV immunization effects on HPV epidemiology and the use of HPV testing in screening algorithms. HPV testing has already been introduced to help manage women with borderline and mildly abnormal cytology results. A pilot of HPV testing as the primary screening test (in place of cytology) is currently under way (46) . It is unclear how changes will impact cervical screening uptake.
To date, there are few data relating to HPV vaccination uptake in the routine cohorts by the variables we have explored. It will be important to study factors associated with routine HPV vaccination uptake in the same way. Uptake of cervical screening among women who have not received HPV vaccination should be studied as these women reach screening age.
As some nonattenders for cervical screening seem to be at low risk for HR-HPV, tailored approaches may be appropriate to increase screening among higher-risk women. Socioeconomic markers and smoking were associated with HR-HPV positivity, noncompletion of catch-up HPV vaccination, and nonattendance for cervical screening. This highlights the importance of general practice considering all aspects of the cervical cancer prevention pathway: vaccination, healthy lifestyle advice, and cervical screening. To avoid a potential widening of cervical cancer disparities in the catch-up age cohorts, special efforts may be warranted to ensure that those who missed catch-up HPV vaccination are engaged by the cervical screening program.
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